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Abstract 
It is important to carry out the environmental monitoring during the construction of facilities in the urban areas. The article 
represents the research of the indoor air of a higher educational institution in relation to existence of such contaminants as the 
particulate matter of PM2.5 and PM10. Samples were taken on all floors at several academic buildings of a higher educational 
institution from September to November 2014 and from March to May 2015. As a result of the research, the regression 
dependence was obtained, indicating interrelation of the distribution of dust particles PM2.5 and PM10 and the particulate matter 
with the building height. Thus, the maximum size of the dust particles is detected at 1-4 floors of rooms, on the upper floors a 
smaller diameter of particles is observed. It is revealed that dust particle diameter decreases when the building height increases. 
The findings confirm the relevance of the further research as for the problems of an assessment of influence of dust emissions on 
the public health and the development of measures for the indoor air quality improvement as well as for the problems of the 
ventilation and air cleaning modernization at a design stage of facilities’ construction and their placement under the conditions of 
urban development. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction  
In terms of environmental safety of urban development of the urban environment can be achieved through the 
reduction of its basic components, including man-made, to an optimal state. Therefore while making town-planning 
decisions it is necessary to consider not only educational institutions location in connection with population needs, 
but also to consider an ecological situation and the air environment source of pollution. The problem of air quality 
(dust concentration) of rooms in buildings is not less important for public health, than air quality outdoors, since 
people spend up to 90% of the day in a confined space. Studying the particulate matter effects in a room per person 
gained a wide interest because of epidemiological evidence of its impact on health, particularly on the more 
susceptible groups such as children and adolescents. In America, there is even a term “Sick Building Syndrome”, 
associated with poor air quality inside the building [1]. 
According to the Russian Ministry of Health in 2012-2014 about 25% of all diseases are the respiratory organs 
diseases of people of all age categories, 62% of all diseases are respiratory organs diseases among children aged 
from 0 till 14 years, 50% - children of 15-17 years. The percentage increase in the incidence of respiratory averages 
4-5% per annum for all age groups [2]. Thus, these data highlight the need to study the dust particles as the main 
factor of risk of the respiratory system disease of adolescents and adults. 
The personnel, students and others, who are in the building, ɫonstantly breathe air which poses danger. Dust in 
educational institutions represents set of the street dust getting to the building from industry, municipal and 
household objects and the dust that is present at the building which is formed as a result of office equipment work, 
shoe soles abrasion, aging finishing materials.  
Particulate matter (PM) should be considered as an air pollutant, a mixture of solid and liquid particles that are 
suspended. The indicators are typically used to characterize PM and have health importance are: the mass 
concentration of particles of less than 2.5 μm (PM2.5) and particles less than 10 μm in diameter (PM10). 
There are a number of proofs of interrelation between concentration of PM2.5 in rooms and a depression of 
function of lungs. The risk of an inflammation of respiratory tracts among children with asthma increases [3, 4]. 
Connection between PM2.5 concentration in the rooms and changes in the cardiovascular system have also been 
observed among older people in researches Delfino R.J., Liu L., Allen R.W. et al [5-7]. 
A number of the experimental researches Elbayoumi M., Diapouli E., Wang Ya. et al  devoted to studying of  
PM2.5 and PM10 concentration indicate close correlation of PM2.5 and PM10 in rooms with PM2.5 and PM10 in 
the open air [8-10]. However, the researches devoted to studying of dust particles dispersible structure in the air 
environment of the educational institutions rooms were carried out a little. 
Dispersion of aerosols determines the sedimentation rate of the particles in the environment. The smallest 
particles (0.01 - 0.1 μm) may be in the air for a long time in the Brownian motion state and penetrate into the lungs. 
Therefore, dispersible structure is important for this article.  
In a production environment due to convection currents, machines work, ventilation units air is in a mobile state, 
preventing loss of tiny dust particles. In the educational institutions rooms the air movement is limited because of 
natural ventilation and low speed of people’s movement. Thus, scattering of dust particles in the air is largely 
determined by the particulate dust structure. 
Researches on fine dust concentration in multistory buildings are of interest.  
The purpose of the research is to provide the calculated dependence of the dust particles distribution, as well as to 
determine whether the distribution of particles obeys the truncated log- normal distribution. Particulate matters are 
considered as an air contaminant of rooms. 
2. Methods  
The object of the research were academic buildings of the university "Volgograd State University of Architecture 
and Civil Engineering" (VSUASE), Volgograd, the Russian Federation.  Location of the monitored object is 
presented in Fig. 1. The dust samples were collected on different floors with heavy traffic of people at different 
times of the year (from September to November 2014 and from March to May 2015) with such horizontal surfaces 
as a bookshelf in the office, a lamp metal box, ventilation grille and others. In total 88 samples were selected. All 
analyzes were carried out on the basis of  VSUACE  laboratory. 
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Fig. 1. Location of the monitored object. 
The studies were conducted according to the procedure Azarov V.N. et al [11,12]. Processing analysis of the 
results was carried out using the image processing program of the particles «DUST 1» VSUACE developed in [13]. 
Adhesive tape was used for sampling (fixing dust particles). After sampling on a microscope slide dust particles 
were prepared for further photography (Fig. 2) and for the results processing in the « DUST 1» computer program.  
Based on these data integral functions of the mass of dust particles distribution were constructed on diameters by 
analogy with research Azarov V.N., Marinin N.A. et al [14].  In order to check whether these functions are subject 
to the truncated log-normal distribution according Kouzov P.A. [15], the graphics have been built in probability and 
logarithmic scale (Fig. 3). 
 
Fig. 2. A micrograph of the dust particles sample collected on the 8th floor (24 m) of the academic building "B" VSUACE at 2.0 m from the floor 
(electric lamp metallic box) (autumn) 
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Fig. 3. The integral curves of the mass of settled dust particles distribution collected on the 6th floor (18 m) of the academic building "B" 
VSUACE at 2.0 m from the floor (ventilating grill) on diameters in the probability and logarithmic scale; D (dm) — dust content,%, determined in 
the dispersive range set by the size (diameter) of dust particles dm. 
Fig. 3 shows the function of a truncated log-normal distribution of particles in the form of curve 1 and the 
function of log-normal distribution in the form of a straight line (tangential) line 2. 
3. Conclusion result and discussion  
Law log-normal distribution is as follows: 
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where d50 – the median of the distribution, 
lgd – standard deviation of log diameters, 
lgV - the standard deviation of log diameters from their average value. 
Based on the integral of the curve 1 (Fig. 3), it can be concluded that up to 15 μm in particle size distribution of 
settled dust is normal and is subject to the law (1) and is also subject to the truncated log-normal distribution [15]. 
Similar results were obtained for the other floors in the building. 
The results processing of experimental studies provides a clear dependence of the maximum diameter particles to 
floor of buildings. Dependence is characterized by regression equations:  
x for autumn measurements: 
1, 468 86,802y x      (2) 
x for spring measurements: 
1,5848 94,569y x      (3) 
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The results are given in Fig. 4.  
 
Fig. 4. Graph of maximum diameter particles dmax to the location height (H) of places of sampling: a – autumn, b - spring 
The graphs show that the maximum diameter of particulate matters inside buildings ranges from 47 to 106 μm. It 
decreases with increasing of the building height, thus the smallest particles are located on the upper floors. It can be 
explained by the fact that the first floors of the educational buildings are full of people, besides that there are big 
concentrations of street dust due to the numerous building entrances. With one input is usually reduced and the total 
concentration of fine dust on the floor of buildings. Although the proportion of fine dust in the total mass of the 
particles increased. 
The interrelation of distribution of PM2.5 and PM10 particles proportion in the total mass of the sample height was 
investigated. Fig. 5 shows the percentage of PM10 and PM2.5 particulate matters at the total mass of the sample 
height of places of sampling.   
 
 
Fig. 5. Graph of PM2.5 (a) and PM10 (b) concentration in the places of sampling to the height of places of sampling (spring) 
There is a parabolic dependence in the distribution of PM2.5 and PM10 particles relative to the building height. 
Their equations are: 
for PM2,5: 20,0326 1,2214 16,364y x x    (4) 
for PM10: 20,094 1,2089 22,345y x x      (5) 
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4. Conclusion  
Conducted field studies allow us to estimate the particulate dust structure in the indoor air of VSUACE academic 
buildings rooms depending on the height of the sample location. Regression dependences of distribution of the 
maximum diameter particles to the location height (H) of places of sampling were received. Thus, the maximum 
size of the dust particles is detected at 1-4 floors of rooms, on the upper floors smaller diameter is observed. It is 
revealed that dust particles diameter decreases when the building height increases. Parabolic dependences of PM2.5 
and PM10 particles distribution were received. It was confirmed that the distribution of dust particles is subject to 
the truncated log- normal distribution on all floors of buildings. 
Researches showed that the dust amount increases when there are several entrances to the building. 
The fine dust pollution data should be the basis for the adoption of urban planning decisions, such as the ban of 
trucks access to the buildings adjacent streets, the exception of placement of the local raising dust productions near 
buildings in which there are people constantly, and other solutions. Accounting dust disperse structure reveals the 
real threat to public health. This justifies additional measures to reduce air pollution, to make adjustments to the 
ventilation system and cleaning the air in the rooms of continuous stay of people. It can be used to identify 
characteristics of materials capable to adsorb dust particles, and to optimize system of the wet cleaning of rooms. 
The research indicates the need of further researches of chemical and dispersible dust particles structure not only 
for an assessment of influence of dust emissions on public health and the development of measures for indoor air 
quality improvement, and also for the problems of the ventilation and air cleaning modernization at a design stage of 
facilities construction and their placement in the conditions of dense urban development. In further studies the dust 
particles distribution is also required consideration of various factors: the number of passing cars on highways 
located near educational institutions, meteorological parameters and others, which are capable to affect dust. 
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